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I wish to thank you for the honour of
inviting me to deliver the Barbara Mortimer
Thomas Memorial Lecture for 1955.
Dr. Ida Burchall of Launceston founded
the memorial trust in memory of her friend
Barba~a Mortimer Thomas, a physio-
therapist who was killed during an air raid
while working at 51. Thomas' Hospital in
London in 1940. We must all feel grateful
for this well chosen tribute to her friend a
tribute that not only reminds us of the
sacrifice of such a promising young life,
but ~~ich also serves a useful purpose in
provIdIng a postgraduate stimulus to her
fellow workers. If I can succeed in some
small measure in providing this stimulus I
shall be well rewarded.
The title of my lecture is "Recent
Advances in Medical Electricity". I propo~e
not to give a formal address but to give
short glimpses of some of the recent
developments in this field.. Whether you
personally use any of these methods is not
. as important as that you should have at
least some knowledge of their value and
their limitations in order to have a better
perspective of physical therapy as a whole.
Microwave Treatment.
The first development is that of micro-
wave treatment. This is a modification of
short wave, the wave length used being
about 10 centimetres. Because of the
extremely low wave length the apparatus
has to be modified accordingly; it is not
possible to use ordinary electrodes and con-
ducting cords. Much of the circuit is inside
the valve itself, and the energy is beamed
out in front of a reflector rather like an
infrared lamp.
Microwave has a similar heating effect to
short wave, but produces a more localized
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beam. While this is advantageous for
localized treatment, more care is necessary
than with short wave as the risks are
greater. It is therefore a method more suit-
able to specialized practice rather than a
method for general use.
Ultrasonics.
A host of extravagant claims has done
as great a disservice to this form of treat-
ment as was done during the early develop-
ment of ultraviolet therapy. It has a place,
but a limited place, in the scheme of
physical therapy as a whole; and is by no
means the "cure all" that its enthusiastic
supporters claim.
Sound waves are quite different from
electromagnetic waves: they are longi-
tudinal waves; they cannot pass through a
vacuum; and their velocity varies with the
medium (about 700 miles per hour in air).
Man can detect sound waves with a
frequency of from sixteen to sixteen
thousand cycles per second but is far sur-
passed by other members of the animal
k~ngdom. Dogs can detect frequencies
hlgher than man; this is the principle of the
inaudible dog whistle. Bats use sound
waves at a frequency of sixty thousand
cycles per second as a form of radar which
enables them to avoid obstacles in the darl{.
As Desnier puts it, had man the auditory
perception of some other animals, the
silence of the forest would become a medley
of a myriad sounds.
Sound waves at a frequency above the
upper audible limit in man are known as
ultrasonic, the usual frequency being
800,000 cycles per second. A current
alternating at this frequency is applied to
two opposing faces of a quartz or ceramic
crystal known as a piezo crystal; and this
causes the crystal to alter shape at the same
frequency. The crystal is cemented to a
thin metal plate which forms the sound
head.
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Ultrasonic energy differs from audible
sound. It does not spread out diffusely but
travels in a localized beam. Furthermore
it is completely absorbed by even a very
thin film of air. In order therefore to
transmit the energy to the body it is neces-
sary to use a coupling medium to ensure
the exclusion of any intervening air space.
The coupling medium is usually paraffin oil
or water.
The effect of the energy on the body is
to cause a violent shaking or micro-massage
of the tissues, with two resultant effects:
I. Heat production-the heat is concen-
trated at tissue boundaries and fascial
interplanes as in the periosteum or
perineurium. This unusual distribution of
heat accounts for the difference between
the therapeutic effects of ultrasonic as com-
pared with other forms of heat therapy.
2. The violent shaking results in increased
permeability of tissues. This effect has
been likened by van Senden to the action of
a sieve which lets through small particles
only if kept in a state of movement or
vibration.
The penetration of ultrasonic energy is
limited. At the usual frequency of 800,000
cycles only one-half of the energy entering
the skin reaches a depth of It inches, only
one-quarter reaches a depth 0 f 3 inches;
and at higher frequencies the penetration is
even less.
The part to be treated is painted with
paraffin oil, and the sound head is kept
moving over the area, but held firmly
against the skin.
This moving head technique is the usual
and safer technique; stationary head tech-
nique should be used only by experts and
with special impulse type machines.
Where even~ apposition with the skin is
difficult, subaqueous treatment is used; the
part treated is immersed in water, and the
sound head also held under water is kept
moving about one inch away from the skin.
Dosage varies from 0·5 watt to 2·5 watts
per square centimetre of the sound head,
and treatment varies from 5 to 12 minutes.
Pain or discomfort should be avoided.
Small doses are used in acute cases, larger
doses in chronic cases.
It is unwise to apply the treatment over
the heart, growing bone ends in children,
the genitals, or the eyes.
Theoretical considerations and practical
experience both indicate that the main use
is in the treatment of relatively superficial
soft tissue lesions such as fibrositis, sprains
and strains, tendinitis, tenosynovitis, scar
tissue, ulcers, and painful nerve stumps.
Ultrasonic therapy undoubtedly has a
biological effect and will sometimes succeed
where all other forms of physical therapy
fail; but, in our experience, the results are
erratic. It has proved more useful as a
method held in reserve and used where
other forms of physical therapy fail rather
than as a routine or "bread and butter"
method of treatment.
Precision Electronic Equipment.
Perhaps the greatest advance in the last
decade in our work has been the develop-
ment of precision electronic equipment
which permits the accurate prescription of
electrical currents, with complete control of
wave form, strength, and duration of the
current, and ratio of rest and active periods.
Firstly, I shall refer to the stimulation of
denervated muscle" I shall not enter into
any discussion regarding the debatable
value of this form of treatment in
peripheral nerve lesions except to point out
that the effects of disuse on any part of the
body are well known to be detrimental.
If a denervated muscle is to wait six
months or twelve months before re-innerva-
tion occurs, it seems clear that atrophy and
fibrosis must occur.. This can be prevented
only if the muscle is used (it cannot be
exercised by voluntary contraction) and the
only way is to produce a contraction by
electrical stimulation. Noone claims that
electrical stimulation can do any more than
this; it can have no effect or: re-innervation
of the muscle.
You all know that denervated muscle will
respond only to galvanic stimulation. This
introduces a practical problem. Frequent
galvanic stimulation often leads to the
development of a dermatitis at the site of
stimulation. This is obviously an ionic
effect, and the way in which this was over-
154 THE AUSTRALIAN JOURNAL OF PHYSIOTHERAPY
come is an outstanding example of the
importance of applying theoretical know-
ledge to the solving of an apparently purely
practical problem. The solution must
obviously consist in eliminating the ionic
effect; this is the method used in modern
electronic apparatus where de-ionized
currents are used~
After each stimulating impulse, a current
is passed in the opposite direction for
a long period of time, at a strength
insufficient to evoke a contraction. If the
two areas are equal, then the total ionic
movement in one direction during the
stimulating current is exactly counter-
balanced by the ionic movement in
the opposite direction produced by the
de-ionizing current; and dermatitis ceases
to be a problem. Such de-ionized currents
are a feature of modern apparatus.
Furthermore we know that the rectangu-
lar wave pulse is no longer the ideal wave
form for use in stimulation of denervated
muscle. Many years ago we were told that
surging galvanic current was the ideal form
to use in such cases, and we know now why
this is so. Normal muscle has the property
of accommodation if the stimulating pulse
of galvanic current is turned on and off
slowly (surged); then a much stronger
current must be used than if the current
pulse was turned on and off suddenly as
the muscle seems able to build up a resis-
tance or accommodate to a slowly increas-
ing or progressive current.
In a denervated muscle this property of
accommodation is lost; and therefore
denervated muscle will respond relatively.
better to a progressive current than will
norlnal muscle.
The use of the triangular wave form of
galvanic current pulse seems the best
method for stimulating denervated muscle,
causing less discomfort and less spread of
current to neighbouring muscles; while still
producing an adequate contraction in the
denervated muscle.
It seems clear that the days of the clinical
switch table are numbered; it must
inevitably be supplanted by the modern pre-
cision electronic machine which permits of
such accurate current prescription.
Electrical Testing.
The last problem to which I wish to refer
is the use of electrical testing for the diag-
nosis and prognosis of nerve lesions.
As you all know, when muscle becomes
denervated, after ten days or so degenera-
tion becomes complete in the lower motor
neurone distal to the lesion. The conducting
nerve path ceases to exist.
The nerve trunk therefore ceases to
respond to electrical stimulation, and the
muscle itself can respond only to direct
stimulation in a typically sluggish contrac-
tion. The chronaxie is raised and therefore
the muscle fails to respond to the faradic
current, where the stimulating current
peaks last only about one-thousandth part
of a second. This is known as complete
Reaction of Degeneration (R.D.) and is
the basis of the classical Galvanic-Faradic
test. Where only part of a muscle is
denervated we will of course get partial
R.D. The Polar formula is upset, and the
muscle will respond better if the current is
applied through the whole length of the
muscle rather than over the motor point
(longitudinal reaction) because the latter
ceases to exist, as the motor nerve has
degenerated right down to the end plate in
the muscle.
We all know the limitations of the
classical Galvanic-Faradic test and that even
in experienced hands it can be fallacious.
It is a very crude method, and is not satis-
factory in following up progress of a
peripheral nerve lesion. Rarely can
recovery be detected by this method before
it is quite obvious on purely clinical
evidence. You will notice that I specified
"in skilled hands".. Let me make it clear
here and now that many reports of elec-
trical testing are of little value. The value
of such a report depends entirely on the
aptitude and experience of the operator;
and I am fully convinced that electrical
testing is something you either study and
carry out carefully or leave alone.
There is only one road to success: study,
practice, and more practice, and a certain
aptitude for the test, which is apparently
only found in some individuals.
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In view of the grave deficiencies of the
Galvanic-Faradic test it must obviously be
supplemented by some other method; and
at the present time there are two such
methods available: The first 0 f these is
Electromyography. The other is the
Intensity-Time curve.
It was Starling who said "every beat of
the heart, every twitch of a muscle, every
secretion of a gland is accompanied by
minute changes in electrical potential".
These electrical changes which accompany
tissue activity may be studied-in the brain
by electroencephalography, in heart muscle
by electrocardiography, in voluntary muscle
by electromyography.
Resting muscle is electrically silent.
Voluntary contraction produces action
potentials which may be studied visually on
the cathode ray screen, or heard in the loud
speaker as a "Boom". In denervated muscle
these action potentials vanish, and in their
place we find fibrillation potentials, small in
amplitude and duration, and heard in the
loud speaker as "clicks".
Electromyography is I feel too compli-
cated a subject for physiotherapists (in fact
for many medical men) but I feel I should
attempt to correct some misapprehensions
which exist regarding its use.
Let us be clear right at the outset that
there is no single method of electrical test-
ing which gives all the required informa-
tion about neuromuscular function. Each
method yields only one facet of the problem,
al.Ld ideally in a difficult case we should use
all available methods in order to acquire a
maXilTIUm of information.
Electromyography is a valuable tool for
research (particularly academic research)
but it requires fairly expensive apparatus
and the services of a highly trained tech-
nician. It is time consuming, and the inter-
pretation of the results is not simple.
For these reasons I wish to refer to
the second method of supplementing
the Galvanic-Faradic test : Intensity-Time
curves (l.T.).
Of these two methods-Intensity-Time
curves and electromyography-neither can
be said to be better than the other; each
yields something that the other will not
show. In research electromyography is
usually the better but, in following up pro-
gress of nerve lesions, the Intensity-Time
curve is perhaps the superior method since
it does give a reasonably accurate estimate
of the proportion of denervation in a
muscle, which is something that electro-
myography cannot do.
Furthermore, the apparatus is inexpen-
sive; there is no need for the services of
the technician; and the method is quick and
is well adapted to routine use in a busy
department. I would seriously commend
this method as worthy of your attention.
Miss Muriel Ross and I have been using
it at the Royal Melbourne Hospital for over
two years. It has proved so valuable that
it has become our invariable practice to
carry out both the classical test and an I-T
curve in all electrical testing.
Lest you think that I am unduly biased
I need only refer to its widespread use over-
seas. Due credit is given to this valuable
aid in the Bulletin on Peripheral Nerve
Lesions published by the Medical Research
Council last year. I must however utter a
note of warning: this is no method for the
dilettante. In order to obtaln consistent
curves, considerable experience and atten-
tion to detail is essential; once consistent
curves are obtained, the interpretation of
the curves is itself in some cases no simple
matter.
Here is a field which would well repay
your study, and at the Royal Melbourne
Hospital we are always willing to assist
anyone in studying this technique.. The
principle of the method is to pass into the
n1uscle under study rectangular pulses of
direct current of variable duration in order
to determine the minimum strength of
current that will evoke a contraction for
each different period of current flow, and to
plot these on a graph.
In the machine we use, the pulse duration
may be set at the following values: 100,
10, I, 0·5, 0·1, 0·05, and 0·02 millisecond.
(The millisecond is one-thousandth part of
a second.) The minimum voltage at 100
milliseconds is the rheobase, and normally
varies from 4 to 40 volts.
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The characteristics of the normal curve
are:
I. The curve is almost horizontal, with
an upward trend at the left_
2. The curve is virtually flat from 100
to I millisecond.
3. The rheobase varies from 4 volts in
facial muscles to as high as 40 volts in
tibialis anterior and extensor digitorum
longus. The greatest range of normal
variation occurs in the latter muscles.
4. The chronaxie in this method is below
0·1 millisecond. In this example the
rheobase for tibialis is 42 volts; double this
is 84, and where the 84 volt line cuts the
curve gives us the chronaxie of 0·088
millisecond. Similarly with frontalis the
rheobase is 12 volts, double this is 24, and
where the 24 volt line cuts the curve gives
us the chronaxie of 0·047 millisecond.
For accurate interpretation it is neces-
sary to possess a knowledge of the normal
limits of variation, which is too big a sub-
ject to enter into here"
In denervated muscle there is a failure
of response to short duration currents and
a rise in chronaxie.
The characteristics of curves in complete
R.D. where the muscle is completely
denervated are:
I. The curve is displaced upwards and to
the right.
2. The curve is not horizontal but climbs
stee:!?ly, and the threshold value at I milli-
second is so high as to be virtually
unobtainable.
3. There is no response below I milli-
second.
4. The chronaxie is greatly increased to
above I millisecond.
Between these two types of curve we
have a variety of intermediate curves found
in muscles which are partially denervated.
If recovery occurs from a complete
lesion, the curve slowly changes from the
curve of a complete lesion and approaches
the normal. In an illustrated case this pro-
gression of events can be followed clearly.
The patient had a complete radial nerve
lesion in the arm which was explored and
sutured, and extensor digitorum communis
was chosen for study. Nerve suture was
performed in June, and the first test was
carried out in October.
As recovery proceeded, the curve became
displaced down and to the left; responses
appeared at shorter pulse durations, and
chronaxie became reduced.
Apart from enabling us to follow up pro-
gress accurately these curves also detect
early signs of recovery. In the case referred
to above we were able to report evidence
of regeneration five weeks before there was
clinical evidence of recovery. This is not
possible in all cases, but it is quite common.
This method enables us to detect many
minor lesions which cannot be picked up
by the classical test. On the other hand in
many cases where the classical test shows
complete R.D., the curve shows that the
lesion is not merely complete. It must be
clear to all of you the tremendous advan-
tage of being able accurately to follow up
the progress of a peripheral nerve lesion.
The test is far superior to chronaxie test-
ing for two reasons:
I. Chronaxie is only one point on the
curve as a whole.
2. Chronaxie value in itself can be
fallacious as a sign of progress.
Chronaxie is always very high in a com-
plete lesion, but Pollock and his co-workers
showed that as regeneration proceeds, the
chronaxie does not steadily become smaller
but it rises and falls several times before
coming within normal limits when recovery
is finally compl<;te.
In this, as in all methods of electrical
testing, attention to detail is vital for
success. The patient must be warm, the
part under observation must be relaxed and
in a good light, electrical connections must
be perfect, and the electrodes kept wet.
Perhaps the vital secret to success is the
ability to detect, by sight or feel, a con-
traction in the muscle tested, and to be sure
the contraction is taking place in that
muscle.
RECENT ADVANCES IN MEDICAL ELECTRICITY 157
Electrophrenic Respiration.
Before concluding, I should like to refer
to the work of Sarnoff on electrophrenic
respiration. Unilateral stimulation over the
phrenic nerve in the neck causes contrac-
tion of the diaphragm. It is interesting that
such unilateral stimulation causes effective
complete contraction of the diaphragm. In
the last few years this has led to some
interesting investigation into using this type
of stimulation as a method of imposing
artificial respiration.
In concluding, I should point out that I
have shown you only a few glimpses of
some of the recent developments in our
field. To me half the benefit of any lecture
lies in the discussion. I hope you will be
stimulated to ask me questions, and I shall
endeavour to answer these to the best of
my ability. Your profession is an interest-
ing one; it will be as interesting as you
yourselves make it. We either go on
learning or we slip back. We can never
stand still.
